ABSTRACT. Syntheses of some novel oxomolybdenum(V) and dioxomolybdenum(VI) complexes with an azo dye methoxyphenolazoantipyrine (HL) derived from 4-aminoantipyrine and 2-methoxyphenol are reported. The complexes have been characterized by elemental analyses, molar conductance, magnetic susceptibility data, IR, UV-Vis, 1 H NMR, EPR and FAB mass spectral studies. The physicochemical studies and spectral data indicate that HL acts as a bidentate chelating ligand. (4) before and after gamma ray irradiation,was performed by X-ray diffraction and scanning electron microscopy(SEM).The ligand and the complexes were screened for their possible antimicrobial activities.
INTRODUCTION
Molybdenum is a biologically important trace element that occurs in the redox active sites of molybdoenzymes involved in nitrogen, sulfur or carbon metabolism.
1 Recent years have witnessed a phenomenal growth in the coordination chemistry of high valent oxomolybdenum complexes owing to their potential applications. [2] [3] [4] [5] [6] The 'oxotype' molybdoenzymes, which possess a common molybdenum cofactor and catalyze biological two electron reactions that involve a change in the number of oxygen atoms in the substrate. 7 Molybdenum is a versatile transition element because it possesses a large number of stable and accessible oxidation states as well as coordination numbers. The formal oxidation state of molybdenum fluctuates between +6 and +4 via a +5 intermediate during turnover. 8 A variety of chemical reactions are catalyzed by the molybdenum coordination complexes. 9 Herein, we report the synthesis, spectral characterization, thermal and antibacterial studies of complexes of oxomolybdenum(V) and dioxomolybdenum(VI) species with a potentially bidentate ligand derived from 4-aminoantipyrine and 2-methoxyphenol. The irradiation may induce changes in textural, structural, electric, thermal and magnetic properties of a large variety of solids.
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Literature survey revealed that spectral and X-ray diffraction studies of irradiated salts as well as metal complexes are limited. 12 Knowledge regarding the radiation effect benefit the development of advanced material in various fields. Moreover, since studies concerning the effect of γ-radiation on transition metal complexes are rare, the effect of γ-radiation on X-ray diffraction and surface morphology of two of the complexes have also been incorporated in the present investigation.
EXPERIMENTAL

Materials and Physical Measurements
Molybdenum pentachloride (Alfa Aesar, Lancaster, UK) and molybdenum trioxide (Loba Chemie, Mumbai, India) were used. All other chemicals were of AR grade.
Metal and chloride were estimated by standard methods. 13 The elemental analyses (C, H, N and S) were carried out at the Sophisticated Test and Instrumentation Center (STIC), Kochi. Room temperature molar conductance of the complexes in methanol was recorded on Elico direct reading conductivity meter at a concentration of 10 -3 M. The magnetic susceptibilities were recorded at room temperature by Gouy method. Diamagnetic corrections for various atoms and structural units were computed using Pascal's constants.
14 The IR spectra (KBr, cm (4) were recorded in a JEOL JMS600H mass spectrometer at NIIST, Thiruvananthapuram, India. EPR spectra of the complex 1 in solid state at LNT was recorded on a Varian E-112 Spectrometer at X-band, using TCNE as marker with 100 kHz modulation frequency and 9.1 GHz microwave frequency at the SAIF, IIT, Mumbai, India. Thermal studies were carried out by heating in air at a rate of 10 o C/min on a Perkin Elmer, Diamond TG/DTA Analyser. X-ray powder diffraction patterns of unirradiated and irradiated samples were recorded using Philips X-ray PW1710 diffractometer using nickel filter (Cu-K α radiation λ=1.5406). Surface morphological study of unirradiated and irradiated samples were recorded using JEOL Model JSM-6390LV. The samples were subjected to gamma irradiation to a dose of 800 kGy using
60
Co γ-ray in Gamma chamber 5000cc self shielded at constant intensity under room temperature at a dose rate of 1.85 kGy h -1 .
Synthesis of Ligand (HL)
Synthesis of ligand, HL (C 18 H 18 N 4 O 3 ) in Fig. 1 was carried out by 4-aminoantipyrine and 2-methoxyphenol by diazotization and coupling as reported earlier. 15 Purity of the ligand was tested by TLC. It was characterized by IR, UV and 
Synthesis of Oxomolybdenum(V) Complexes
The chloride complex was prepared by adding a methanolic solution of MoCl 5 (2 mmol, 20 mL) in small quantities with stirring to a hot methanolic solution of the ligand (2 mmol, 20 mL). The solution formed was refluxed for 2-3 h. The precipitated complexes were filtered, washed with aqueous methanol and dried over P 4 O 10 in vacuo.
The following general method was adopted for the preparation of thiocyanate and nitrate complexes.
12 A methanolic solution of MoCl 5 (2 mmol, 20 mL) containing 2 mmol of NH 4 CNS/2 mmol LiNO 3 , was added to a hot methanolic solution of the ligand (2 mmol, 20 mL).The thiocyanate complex was precipitated on heating the mixture at 40 o C for ~30 min, while the nitrate complex was precipitated on refluxing the solution for 2-3 h. The precipitated complexes were suction filtered, washed with aqueous methanol (1:1) followed by dry ether and then dried over P 4 O 10 in vacuo.
Synthesis of Dioxomolybdenum (VI) Complexes
MoO 3 (2 mmol) was dissolved in minimum amount of hot conc. HCl (4 mL). Methanolic solution of this was added dropwise with stirring to a methanolic solution of the ligand (2 mmol, 20 mL). The solution formed was refluxed for 2-3 h. The solid separated was suction filtered, washed first with aqueous methanol, then with ether and dried over P 4 O 10 in vacuo. The thiocyanate and nitrate complexes were prepared in the same manner as the oxomolybdenum(V) complexes.
Antimicrobial Study
Antitubercular activity of HL and complexes against M. tuberculosis H37Rv and antibacterial activity against Escherichia coli and Lactobacillus leichmannii were done by the Resazurin assay method at the Rajeev Gandhi Centre for Biotechnology (Thiruvananthapuram).
RESULTS AND DISCUSSIONS
Analytical Measurements
All the complexes are deeply coloured and fairly stable at room temperature. They are non hygroscopic solids and soluble in common organic solvents, like acetone, chloroform, methanol, acetonitrile, DMF and DMSO. 
Magnetic Susceptibilities
The magnetic susceptibility values of all the oxomolybdenum (V) complexes at room temperature are near the spin-only value (1.73 B.M.) as expected of a d 1 system. This shows the absence of Mo-Mo interaction in these com- ) also lowers the µ eff value. All the dioxomolybdenum (VI) complexes are found to be diamagnetic as expected for a d 0 system. The analytical data are presented in Table 1 .
Infraed Spectra
Important infrared spectral bands of the ligand and complexes and their tentative assignments are given in Table 2 . In all the complexes ligand coordinates through carbonyl oxygen and one of the nitrogens of the diazo group as evidenced by the shift of ν C=O and ν N=N to lower frequencies. 18 The spectrum of the ligand HL exhibits a broad medium band at 2925 cm -1 is assigned to hydrogen bonded OH group. This band disappears in the spectra of all the complexes and a broad medium intensity band observed at ~3450 cm
, confirming the presence of free OH group and their non participation in coordination with the metal ion.
15
Dioxomolybdenum (VI) complexes display two Mo=O stretches at ~936-942 cm -1 and at ~906-910 cm -1 due to symmetric and antisymmetric stretching of cis-MoO 2 2+ core. The MoO 2 2+ prefers to form a cis configuration due to maximum utilization of the dπ groups. A very strong band observed at ~960 cm -1 in the spectra of oxomolybdenum complexes corresponds to Mo=O stretching frequency.
3 New weak bands at ~590 cm -1 and at ~440 cm
in the metal complexes have been assigned to µ Mo-O and µ Mo-N modes respectively. 19 The N-coordinated nature of the thiocyanate group is indicated by the bands at ~2060 cm
. The IR spectra of the nitrate complexes suggest 20 monocoordination of the nitrate group ν 4 at ~1490 cm -1 , ν 1 at ~1380 cm -1 and ν 2 at ~1034 cm
Electronic Spectra
The electronic absorption bands of bidentate azo dye ligand (HL) and the oxomolybdenum (V) complexes were recorded in methanol. The electronic spectrum of the ligand shows an intense band at 249 nm and a band of less intensity at 322 nm due to π→π * and n→π * transitions respectively. These bands suffer marginal shifts on complexation. The electronic spectra of the complexes showed a red shift to ~256 nm and ~334 nm.
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The electronic spectra of octahedral oxomolybdenum (V) complexes usually exhibit three distinct bands in the region 690-740 nm, 450-520 nm and 380-440 nm, assignable to 22 All the complexes show a medium intensity band in the range 480-500 nm and a weak broad band in the range 650-710 nm. However, we could not locate the third band in these complexes, probably due to the mask by high intensity charge transfer transitions. The electronic spectra thus indicate an octahedral environment for all the complexes and are in conformity with Ballhausen-Gray scheme for an octahedral geometry. 23 The complexes are best considered as octahedral with strong tetragonal distortion, resulting from MoO bond. H NMR spectra of (HL) (Fig. 2) and the complex 4 were recorded . The 1 H NMR spectrum 25 of the free ligand HL showed a sharp signal at δ12.505 ppm characteristic of the phenolic OH proton. The spectrum displays three singlets, which correspond to methyl protons. The >C-CH 3 group of pyrazolone ring appears as a sharp singlet in the region δ2.62 ppm while the >N-CH 3 signal is observed as another singlet in the region δ3.30 ppm and -OCH 3 signal is observed at δ3.82 ppm. The signal due to five aromatic protons of the antipyrine phenyl ring appear as multiplet between δ (7.29-7.44 ppm) and these due to the protons of phenyl rings are observed as multiplet between δ (6.67-6.78 ppm). On analyzing the spectrum of [MoO 2 (HL)Cl 2 ], the presence of singlet due to phenolic proton indicates the non participation of the -OH group during coordination, which is further confirmed by the IR spectra.
EPR Spectra
EPR spectra of the complexes provide information about the coordination environment around the metal ion in the complexes. The X-band EPR spectrum of complex 1 recorded in the polycrystalline state at LNT is given in Fig. 3 . The ESR spectrum of the complex exhibits an isotropic spectrum with g iso ~1.93 G.
Seventy Mo. This hyperfine splitting may not be seen if there is signal broadening due to spin lattice relaxation and spin -spin interaction.
14 In the present case the isotropic nature of the spectrum is attributable to enhanced spin lattice relaxation and spin -spin interaction, moreover the spectrum is recorded in a magnetically concentrated medium. 26 Absence of half field signal in the EPR spectrum rules out any metal-metal interaction in the complex.
In the octahedral complexes of molybdenum (V), the single electron located in d xy orbital. This orbital is related to other four d orbitals by rotations about one or other of the cartesian axes. If the rotation moves the electron into a vacant orbital, then the current resulting from the circulation leads to a magnetic field that opposes the applied field. Consequently the larger laboratory field is required to meet the Zeeman conditions and the calculated g value will be smaller than the free electron.
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FAB Mass Spectra
Mass spectroscopy, which is mainly applied in the analysis of biomolecules, has been increasingly used as a powerful structural characterization technique in coordination chemistry. The FAB mass spectra of the ligand HL (Fig. 4) and its complexes 1 and 4 were recorded and their stoichiometric compositions were compared. The molecular ion peak [M+H] + for ligand (C 18 H 18 N 4 O 3 ), is at 339.77. The complexes 1 and 4 show molecular ion peaks at m/z 556.16 and 537.21 respectively, suggesting the complexes to be monomeric.
Thermal Studies
Thermal behavior of the complexes 1 and 5 were studied by TGA and DTG techniques by heating in air at a rate of 10 
28,29
The thermal decomposition of the complex 5 occurred in two stages as denoted by the DTG peaks at 297and 434 
Colour
No colour change occurred upon irradiation indicating the absence of colour centers in the sample.
X-ray Diffraction Studies
X-ray diffractograms for the unirradiated and irradiated samples of [MoO(HL)Cl 3 ] and [MoO 2 (HL)Cl 2 ] are given in Figs. 7a, 7b, 8a & 8b , respectively. XRD patterns are indexed using Hesse and Lipson's procedure. 30 Lattice constants and lattice parameters are listed in Table 3 and the X-ray diffraction data are presented in Tables 4 & 5 .
Lattice imperfections caused by irradiation influence High energy of radiation may change the physical properties of materials. The changes are strongly dependent on the internal structure of the absorbed substance, the radiation energy and dose. 31 The radiation may cause ionization or excitation of the electrons and possibly, displacement of atoms from their sites in the lattice of the solid. The size of the crystal may change due to the stress caused by irradiation. If the crystals are under uniform stress, a contraction of the unit cell occurs. The stress factor and structure fac- tor are responsible for the overall change in the intensity of diffraction lines, crystallite size and unit cell parameters.
32
The particle sizes calculated using Scherer equation M. L. Harikumaran Nair and Anju. S. Appukuttan some degree of aggregation. On the other hand, the nano spheres seen on the surface of the micro rods of dioxomolybdenum (VI) complex have completely vanished and the complex achieve a rod or stick shape with prismatic geometry. Moreover the length of the rods has been brought down to less than that before irradiation. The diameter or thickness of the rods has been reduced to less than 300 nm after γ irradiations. The results clearly indicate that γ irradiation has a vital effect in tuning the size and morphology of the synthesized complexes.
Antimicrobial Study
The ligand and complexes were not active against M. tuberculosis H37Rv, E. coli and Lactobacillus leichmannii.
Thus on the basis of the spectral data and physicochemical studies, a distorted octahedral geometry (Figs. 10 and 11) has been tentatively proposed for all the complexes.
CONCLUSION
The synthesis and characterization of octahedral oxomolybdenum (V) and dioxomolybdenum (VI) complexes with bidentate chelating ligand are reported. From the spectroscopic, analytical and thermal analysis data, it can be concluded that the molybdenum existed in a distorted octahedral environment with the ligand. The FAB mass and EPR spectral data suggest monomeric nature of the complexes. X-ray diffraction study revealed that unit cell parameters have changed upon irradiation. SEM study showed that γ irradiation have impact on the size and morphology of the synthesized complexes.
